Introduction
Speakers continue their dialog by coordinating their utterances and actions to share a mutual belief, or a common ground, regarding their knowledge of themselves to achieve their task [1] . In other words, the speakers mutually and implicitly believe that they share a common ground regarding what the other person thinks and feels during the dialog. However, they never explicitly confirm what they really share; thus, they may continue talking with and reacting to each other based on an uncertain (mutual?) belief. These mutual beliefs include the knowledge of an intention, an attitude, or an emotion of the interlocutors who participate in the dialog. The present study focuses on the mutual emotional understanding between speakers in a face-to-face communication environment to elucidate whether their beliefs of their partners' emotion modulated (or did not modulate) their emotion during the dialog.
First, the accuracy of the listener's understanding of his/her partner's emotion was investigated. Several attempts were made to investigate how accurately the listeners understood their partner's emotion, i.e., empathic accuracy [2] [3] [4] [5] . The literature on the studies of empathic accuracy is briefly reviewed in [6] . According to Ickes et al. [2] , listeners understand speakers' complex emotion (written descriptions of how they feel or think) with 21.7% accuracy (SD ¼ 12:1) and understand speakers' valence (positive, neutral and negative) with 40.1% accuracy (SD ¼ 17:1) throughout a dialog. However, these results were obtained by analyzing the speakers' viewpoints and did not account for the listeners' viewpoints. If the listeners' viewpoints were reflected in the analysis, the results might be different, and listeners' inaccurate understanding of the speakers' emotion would increase.
Then, the emotional synchrony between the interlocutors is investigated. Emotional synchrony, i.e., emotional contagion, is defined that the listener comes to feel the same emotion that the speaker feels [6] [7] [8] [9] . Because emotional synchrony is based on the accurate emotional understanding of a partner [6] , emotional synchrony is considered one of the phenomena of emotional understanding. If a listener does not understand his/her partner's emotion, emotional synchrony will not actually occur during their dialog. Therefore, the listener's emotion might be less synchronized with the speaker's actual emotion than is believed by the listener.
The present study investigated the following two questions: (1) how accurately a listener understands a speaker's emotion, and (2) whether believed emotional synchrony occurs more often than actual emotional synchrony due to the listener's inaccurate emotional understanding of the speaker.
Material
Fifty-two speakers (mean age ¼ 21, SD ¼ 2:34) participated in two types of 10-minute dyadic dialogs with a friend of the same sex. Thirteen pairs were female pairs, and the rest were male pairs.
The present study aimed to investigate the mutual emotional understanding that occurs between interlocutors during a spontaneous dialog. However, a critical issue noted with respect to naturalistic materials is that even a large speech corpus contains few emotional samples [10] . To solve this issue, a novel paradigm was proposed to record naturalistic expression that contains the spontaneous emotions of speakers using the games and its effectiveness was demonstrated [11, 12] . The present study adopted the game task with reference to the paradigm of previous studies [11, 12] . Using the game task, the speakers talked with their friends with more naturally expressed emotion than they did when using another task [11] . Adopting the game task in this study enabled us to investigate emotional understanding during a spontaneous dialog where the speakers did not hesitate to be emotional.
Each pair participated in two types of tasks: a competitive task and a cooperative task. The competitive task was a Japanese word-chain game, cap verses (Shiritori). The cooperative task was a simple game in which each pair worked together to raise their score to 100. Because the pairs were not told what types of events raised the score, they had to discuss it and cooperate with each other to raise their score.
The speakers' behavior (speech and facial expressions) was recorded during the dialogs. Their speeches were recorded in individual channels of an audio stream with a sample rate of 48 kHz and 16-bit precision. Each speaker's behavior was recorded at 30 frames per second on images of 640 Â 480 resolutions with four CCD cameras. One of the cameras focused on the speaker's face. For synchronous audio and visual recording, the audio-visual recording system Potato (Library Co. Ltd., Tokyo, Japan) was used.
Each speech signal was segmented based on 200-ms interpausal units (IPUs). The segmented utterances were orthographically transcribed into kanji (Chinese logograph) and kana (Japanese syllabary). The total number of utterances collected was 18,432 (8, 066 in the competitive task and 10,366 in the cooperative task). Table 1 shows the total number of utterances and the mean number of utterances for each task. The mean number of utterances per speaker was 354 (SD ¼ 80, 155 utterances (SD ¼ 53) in the competitive task and 199 utterances (SD ¼ 39) in the cooperative task).
Dynamic emotional state evaluation
The speakers also conducted subjective evaluations of their dynamic emotional state using GTrace [13] . The speakers dynamically rated their own emotional state (the speaker's self-evaluation) and their listener's emotional state (the listener's evaluation of the speaker's emotion) by watching the recorded audio-visual video sequences of the competitive task and cooperative task dialogs. They rated their own and the listener's emotional state based on a continuous emotional scale from À1 to 1. The target emotional states were arousal (aroused(1)-sleepy(À1)), valence (pleasant(1)-unpleasant(À1)) and positivity (positive(1)-negative(À1)). The mean evaluated value of each emotional state was calculated at 10-second intervals as a measure of the dynamic emotional state of the speakers. Moreover, only the values in the mid-eight-minute period of the dialog were adopted for the following analysis after removing the values in the first and last 60 seconds of the dialog. Figure 1 shows a chronic flow of the emotional state of each speaker of one pair during a competitive task dialog. It indicates that the emotional states of each speaker were consistent in arousal but inconsistent in valence. It suggests that one of the pairs felt pleasant but the other felt unpleasant because each speaker competed with each other during the dialog.
Assessment of emotional understanding 4.1. Understanding speaker's emotion
To measure emotional understanding with the emotional state evaluation, each pair's correlation coefficients between the listener's evaluation of the speaker's emotion and the speaker's self-evaluation of his/her emotion were calculated.
The correlation coefficients indicate the accuracy of the listener's emotional understanding of the speaker. A positive correlation implies that the listener accurately understood the speaker's emotion through the dialog. On the contrary, a negative correlation implies that the listener understood the speaker's emotion as the opposite. No correlation implies that the listener did not understand the speaker's emotion at all.
The mean correlation coefficient of each emotional state during the competitive task was 0.22 for arousal, 0.28 for valence, and 0.14 for positivity. The mean correlation coefficient of each emotional state during the cooperative task was 0.17 for arousal, 0.30 for valence, and 0.16 for positivity. These results suggest that the listeners did not understand the speakers' emotion accurately in either task. Table 2 shows the numbers of listeners whose evaluation of the speakers' emotion were significantly correlated (''Pos.'' or ''Neg.'' in Table 2 ) or not significantly correlated (''NoSig.'' in Table 2 ) with the speakers' self-evaluation of their own emotion. ''Pos.'' and ''Neg.'' indicate a positive correlation and a negative correlation, respectively. These results indicate that one half of the listeners understood their partners' arousal and valence during the competitive task and that the other half Table 2 shows, only one half of the listeners moderately understood their partners' arousal in the competitive task and their valence in both tasks. Therefore, the emotional synchrony between them might be based on the inaccurate understanding of emotion.
To measure emotional synchrony with the emotional state evaluation, each pair's correlation coefficients of each emotional state through the dialogs were calculated. Positive correlation coefficients imply that their emotion was synchronized through the dialog. On the contrary, negative correlation coefficients imply that their emotion was asynchronized. With the two types of evaluated scores (selfevaluated scores and scores evaluated by their listeners), two types of correlation coefficients were calculated: the correlation coefficients between Speaker A's (B's) self-evaluated emotion and Speaker B's (A's) emotion evaluated by Speaker A (B; SI) and the correlation coefficients between Speaker A's self-evaluated emotion and Speaker B's self-evaluated emotion (SS). The SI correlation coefficient indicates the believed emotional synchrony between the speaker's own emotion and his/her partner's emotion evaluated by him/her. The SS correlation coefficient indicates the actual emotional synchrony of the speaker's own internal emotion within each pair. With these SI and SS correlation coefficients, the difference between the actual emotional synchrony and the believed emotional synchrony was investigated.
A 2 Â 2 analysis of variance (ANOVA) for each pair's correlation coefficients of the evaluation of each emotion was performed with the factors of task (competitive and cooperative) and type of synchrony (SI and SS). Figure 2 shows the result of ANOVA for each emotional state. The results revealed a significant main effect of type of synchrony (Fð1; 25Þ ¼ 4:40, p < 0:05) and a marginally significant interaction between the task and type of synchrony (Fð1; 77Þ ¼ 3:40; p ¼ 0:07) for arousal (Fig. 2 left) . For valence (Fig. 2 middle) , both the task and type of synchrony showed a significant main effect (Fð1; 25Þ ¼ 19:78, p < 0:001, Fð1; 25Þ ¼ 20:27, p < 0:001, respectively). Moreover, the result of ANOVA for positivity (Fig. 2 right) revealed a significant main effect of task (Fð1; 25Þ ¼ 5:64, p < 0:05) and type of synchrony (Fð1; 25Þ ¼ 7:04, p < 0:05) and a marginally significant interaction between them (Fð1; 77Þ ¼ 3:63, p ¼ 0:06).
For all emotional states, there were significant main effects of the type of synchrony: The believed emotional synchrony (SI) showed a higher correlation than did the actual emotional synchrony (SS). This finding suggests that the pairs continued to talk with each other believing that they were more emotionally synchronized than they actually were. Moreover, there were marginally significant interactions between the task and the types of synchrony for arousal and positivity, and the believed emotional synchrony (SI) showed a higher correlation during the cooperative task. These findings suggest that they more strongly believed that they were emotionally synchronized in the cooperative task than in the competitive task because they had to cooperate with each other to solve the problem in the cooperative task.
Conclusion
The present study investigated (1) how accurately a listener understood a speaker's emotion and (2) whether the believed emotional synchrony was observed more often than actual emotional synchrony due to the listener's inaccurate emotional understanding of the speaker. Two types of taskoriented dyadic dialogs (a competitive task and a cooperative task) were recorded, and subjective evaluations of the speakers' dynamic emotional state were conducted.
The results of the correlation tests between the selfevaluation and the listeners' evaluation of the speakers' emotion revealed that the mean correlation coefficients among the pairs were low. This finding implies that the listeners did not understand the speakers' emotion accurately during the competitive task or the cooperative task dialogs. Moreover, the result of the 2 Â 2 analysis of variance of each pair's correlation coefficients of the evaluation of each emotion with the factors of task (competitive and cooperative) and type of synchrony (the believed and the actual) revealed significant main effects of the type of synchrony and showed marginally significant interactions between the task and the types of synchrony for arousal and positivity. This finding suggests that listeners and speakers continued to talk with each other with the belief that they were more emotionally synchronized than they actually were and that this belief was stronger in the cooperative task than in the competitive task.
The interesting points of this study are that the results elucidate two peculiar facts of human nature regarding emotional communication. One is that we keep talking with each other without knowing each other's actual emotional state. The second is that we believe ourselves to be emotionally synchronized with our partner when we have to be cooperative with each other. Information technology has made huge efforts to create an emotion recognition system to facilitate human-to-computer emotion communication or computer-aided emotion communication. However, our emotion communication might not be based on the proposition that we mutually and accurately understand our emotion when talking. The above results would give a novel perspective to approach the hard task of facilitating human-to-computer emotion communication or computer-aided emotion communication.
A further investigation should be performed on different communication environments, i.e., a non-face-to-face environment, where communication channels between the speakers are regulated. Such an investigation could elucidate the differences between face-to-face communication and nonface-to-face communication and determine the key channel for people to communicate their emotion for a better understanding of each other's emotion.
